Abstract Several new developments have occurred in the field of pancreatic neuroendocrine neoplasm (PNEN) recently in Japan. First, the utility of chromogranin A (CgA), useful for the diagnosis and monitoring of the treatment response of neuroendocrine neoplasm (NEN), has been demonstrated in Japan. For PNEN diagnosis and treatment, grading and correct histological diagnosis according to the WHO 2010 classification is important. Regarding the histological diagnosis, the advent of endoscopic ultrasonography-guided fine-needle aspiration (EUS-FNA) has enabled correct pathological diagnosis and suitable treatment for the affected tissue. Furthermore, EUS-FNA has also facilitates the assessment of the presence or absence of gene mutations. In addition, patients who have a well-differentiated neuroendocrine tumor (NET) showing a Ki-67 index of higher than 20 % according to the WHO 2010 classification, have also been identified, and their responses to treatment were found to be different from those of patients with poorly differentiated neuroendocrine carcinoma (NEC). Therefore, the concept of NET G3 was proposed. Additionally, somatostatin receptor type 2 is expressed in several cases of NET, and somatostatin receptor scintigraphy ( 111 In-octreoscan) has also been approved in Japan. This advancement will undoubtedly contribute to the localization diagnosis, the identification of remote metastasis, and assessments of the treatment responses of PNEN. Finally, regarding the treatment strategy for PNEN, the management of liver metastasis is important. The advent of novel moleculartargeted agents has dramatically improved the prognosis of advanced PNEN. Multimodality therapy that accounts for the tumor stage, degree of tumor differentiation, tumor volume, and speed of tumor growth is required.
Introduction
There have been numerous developments with respect to pancreatic neuroendocrine neoplasms (PNENs) during the previous few years in Japan. In this article, we will review advances in the diagnosis and treatment of PNENs in Japan. Firstly, while the benefit of chromogranin A (CgA) in the diagnosis and monitoring of treatment response has been demonstrated in Europe and the U.S., CgA is not yet covered under insurance in Japan. However, its benefit has been recently reported in Japan [1] . Therefore, we will discuss the benefits and limitations of CgA. Next, the grading and correct histological diagnosis according to the WHO 2010 classification is important in the diagnosis and treatment of PNEN [2] . In addition, correct assessment of the presence or absence of functionality, grading, the identification of any metastasis, and the establishment of a treatment suitable for the degree of differentiation and malignancy of the tumor, are necessary [3] . Owing to the ready availability of endoscopic ultrasonography (EUS), EUS-guided fine-needle aspiration (EUS-FNA) can now be performed on pancreatic tumors, which were managed using observation and followed-up previously. Thus, a correct pathological diagnosis and the delivery of a treatment suitable for the tissue have become possible [4, 5] . Meanwhile, although NEN with a Ki-67 index [20 % is classified as neuroendocrine carcinoma (NEC) according to the WHO 2010 classification, cases of well-differentiated neuroendocrine tumor (NET) with a Ki-67 index [20 %, exhibiting different treatment response, have also been identified recently [6] . Therefore, the concept of NET G3 was proposed, and has been included in the draft revision of the WHO classification for 2016. Furthermore, somatostatin receptor (SSTR) type 2 is expressed in numerous cases of NENs, and somatostatin receptor scintigraphy (SRS) [7] that utilizes the expression of SSTR type 2 has also been approved in Japan. The method involves the use of indium pentetreotide ( 111 In), and will undoubtedly contribute to localization diagnosis, the identification of remote metastasis, and the assessment of treatment response in patients with PNEN. Meanwhile, the therapeutic approach to PNEN associated with liver metastasis is changing [8] . Even in cases with liver metastases, surgical treatment is the standard therapy if curative resection is possible. However, because recently developed molecular-targeted agents, such as everolimus and sunitinib, and streptozotocin (STZ) have now become covered under insurance in Japan, multimodality therapy that takes into consideration the condition of the patient, degree of tumor differentiation, tumor volume, and speed of tumor growth, is required [9] . Although prior to the advent of molecularly target therapy, liver metastasis was considered as a main prognosis factor of PNEN, currently the identification of a method by which to control liver metastasis is critical in order to improve the prognosis of patients with PNEN [8] .
Benefits and limitations of chromogranin A in pancreatic neuroendocrine neoplasm
CgA is an acidic glycoprotein consisting of 439 amino acids [10] [11] [12] . CgA is stored in the secretory granules in neuroendocrine cells (together with various hormones) and is released when the granules are stimulated [12] [13] [14] . CgA is widely used as an immunohistochemical marker for PNEN. However, currently in Japan, the measurement of serum CgA levels is not covered under insurance. In Europe and the U.S., the usefulness of CgA as a serum marker has been established, and CgA is used clinically [15] [16] [17] . Recently, the efficacy of CgA as a serum marker in patients with PNEN was demonstrated in Japan [1] (Fig. 1) . Immunohistologically, it is known that the positive rate of CgA is high in NET G1/G2, and low in NEC [2] . With regard to the degree of differentiation, it is reported that serum CgA levels are significantly higher in NET G2 than in NET G1 [18] , while further studies have indicated that there is no significant difference between NET G1 and G2 [1, 19] . Similar to the immunohistological tendencies, the The mean serum CgA level of patients with PNET was 6.5-fold higher than normal controls (NC) and was significantly higher compared with controls (p \ 0.01). It was also 4.5-fold higher than those of other groups and was significantly higher compared with those of pancreatic cancer (PC) and chronic pancreatitis (CP) groups (p \ 0.05). In a subgroup analysis based on PPI use, the serum CgA level of patients with PPI use was higher than that of patients without PPI use in patients in the PC, CP, and autoimmune pancreatitis (AIP) groups with significance (p \ 0.05, respectively) but not in the PNET group. In patients without PPI use, the mean serum CgA level of patients with PNET was 7.1-fold higher than NC which was significantly different from NC and patients with PC group (p \ 0.01, p \ 0.05, respectively) but not from patients with CP and AIP group. Furthermore, the serum CgA levels of the patients with PC, CP, and AIP group not taking PPI was not different from controls. Asterisk PPI was not used in normal control group serum CgA level is reported to be lower in NEC than in NET G1/G2. In addition, a number of studies have demonstrated that the sensitivity of serum CgA in a functioning tumor is higher than that in a non-functioning tumor [20, 21] . Furthermore, it has been reported that the serum CgA level increases as the tumor volume increases [1, 18, 21] . Thus, serum CgA levels are typically elevated in patients with larger tumors and in those who have remote metastasis [1, 18, 21] . Therefore, multiple studies have shown that the measurement of serum CgA levels is useful for assessing treatment response and for predicting tumor recurrence [1, 18] . Antacids and steroids are drugs that affect the measured levels of CgA, and among them, proton pump inhibitors (PPIs) require the most attention [1, 22, 23] . PPIs increase the serum CgA levels through the proliferation of enterochromaffin cells [1, 23, 24] . The serum CgA levels are elevated by approximately 2.5 times following the consumption of an oral PPI. Therefore, it is desirable to measure the serum CgA levels 2 weeks after interrupting oral PPI administration [24] . However, in cases of gastrinoma exhibiting Zollinger-Ellison syndrome involving multiple ulcers, the patient's conditions can rapidly be exacerbated by the discontinuation of oral PPI depending on the case; therefore, stopping oral PPI administration is not recommended. Serum CgA levels are elevated in various illnesses; among them, renal impairment warrants particular attention [25] . Serum CgA levels increase with decreasing creatinine clearance [25] . Other neoplastic diseases, such as prostate cancer and pheochromocytoma, also result in the elevation of serum CgA levels [10, 12] . It is important to note the findings of a study reporting that chronic pancreatitis and pancreatic cancer, which are sometimes difficult to diagnose differentially from PNEN, also elevate CgA levels [26] . However, according to our study, the serum CgA levels in chronic pancreatitis and pancreatic cancer without use of PPI were similar to those in healthy patients [1] (Fig. 1 ).
EUS-FNA in pancreatic neuroendocrine neoplasm
EUS-FNA has become an essential assessment for the qualitative diagnosis of pancreatic neoplasms. The role of EUS-FNA in the diagnosis of PNEN is two-fold. Its first role is to identify pancreatic neoplasms by EUS and to correctly diagnose PNEN. Its second role is to diagnose the degree of malignancy according to the WHO 2010 classification [2] using the Ki-67 index and the mitotic index to aid the development of a treatment strategy once the condition has been diagnosed as PNEN [3, 5] .
EUS-FNA has been used widely since it became covered under insurance in Japan in 2010. With regard to histological diagnosis, the final diagnosis includes cytological diagnosis in addition to the immunostaining of CgA and synaptophysin. The sensitivity of this method is reported to be between 82.6 and 100 %, and the diagnostic accuracy is between 83.3 and 93 % [28] [29] [30] [31] [32] . With regard to factors affecting diagnostic accuracy, NET that shows [30 % fibrosis in the maximum cut surfaces of the lesion in the head of the pancreas and the resected specimen is reported to constitute a factor that makes diagnosis difficult [28] . Even when a sufficient amount of samples can be collected by EUS-FNA, there is a possibility that diagnosis is made incorrectly. Many of the reported cases are those in which differential diagnosis from solid and pseudopapillary neoplasm (SPN) is difficult [28, 33] . In SPN, synaptophysin, an endocrine marker, often becomes positive, and CgA may also become positive. Particularly, when a pseudopapillary structure, which is characteristic to SPN, has disappeared due to crush, morphologies become similar, and therefore care should be taken. When submitting specimens, the clinical side should actively request differential diagnosis.
Some studies have discussed the malignancy classification according to the WHO classification 2010 and the diagnostic ability of malignancy by EUS-FNA. According to a recent systematic review, the concordance rate is not necessarily high (83 %) [34] . The reasons for this rather low concordance rate are varied. With regard to the method for Ki-67 measurement, there are many factors that affect counting, such as problems in formalin fixation, methods for immunostaining, and methods of cell counting. As a factor on the part of the tumor, intratumor heterogeneity of Ki-67 is also a problem (Fig. 2) . That the so-called hot spot is not collected due to the homogeneity in the tumor is considered to be a reason for the low concordance rate. Therefore, to raise the concordance rate as much as possible, it is important to collect not less than 2000 tumor cells from the EUS-FNA sample as recommended by the European Neuroendocrine Tumor Society (ENETS) [4] . In addition, Fujimori et al. [35] reported that while the overall concordance rate of malignancy was 69.2 %, when a cutoff value of 20 mm for tumor diameter was applied, the concordance rate of tumors with a diameter of \20 mm was 87.5 %, and that of tumors with a diameter of C20 mm was 57.1 %. Unno et al. [36] also investigated the possible association with tumor diameter, and reported that concordance was obtained in all patients with tumors with a diameter of \18 mm. Hijioka et al. also reported that the diagnostic accuracy for PNEN with a diameter of \10 mm was 100 %, and proposed that the reason for this due to low fibrosis and high cell density [5] . Thus, one of the reasons for this high concordance may be because tumors with a smaller diameter possess less heterogeneity.
The concept of well-differentiated NET G3 and future perspectives
The WHO classification was revised in 2010, and since then, the revised classification has become the standard and has been widely used [2] . However, recently, several issues that the WHO classification does not account for have emerged. These issues are observed in cases of well-differentiated G3 (NET G3) in which the Ki-67 index exceeds 20 % despite its high proliferation rate, and for which a new subclassification is being investigated. According to the WHO 2010 classification, poorly differentiated neuroendocrine carcinoma (PDNEC) is included in NEC, and its prognosis is extremely poor compared to well-differentiated NET G1/G2 [37] . Due to the fact that NEC has a different molecular biology than NET G1/G2 in terms of gene mutations, and resembles small cell lung cancer [5, 38] , platinum-based chemotherapy is used as the standard treatment for NEC, as in the case in the treatment of small cell lung cancer [27] . However, it has become clear that there are differences in terms of clinical characteristics between NET G3 and NEC; for example, the proliferative activity of NET G3 is lower than that of NEC, and the prognosis of NET G3 is superior to that of NEC. Furthermore, the response rates observed with the use of platinum agents for the treatment of NET G3 is reported to be lower than that of NEC [39] . Thus, the therapeutic approaches to NET G3 and NEC should be different. Although the morphologies of NET G1/G2 and NEC are distinct, the following points should be taken into consideration when pathologically diagnosing NET G3 and NEC. Firstly, when cell proliferative activity is low despite the histological morphology indicating NEC, the fixation or staining conditions should be reviewed and the credibility of Ki-67 immunostaining should be reconfirmed. Furthermore, there are cases in which NET G3 is erroneously judged to be NEC because of irregular nuclear contours and nuclear concentrations that are conspicuous and because the tissue construction is not clearly observed due to crushes and artefacts at the time of specimen collection. Thus, even in cases in which NEC is suspected based on the examination of small samples such as biopsy specimens or samples with insufficient fixation, cautious judgment should be made in reference to the results of Ki-67 and mitotic indexes. Furthermore, NET G3 may include, albeit rarely, pleomorphic variants with strong cellular pleomorphism and low cell proliferative activity. Therefore, it is important not only to consider the strength of cellular atypia but also to cautiously observe cell density, tissue construction, and the presence or absence of necrosis [40] . In the 2016 ENETS guidelines, PNEN with a Ki-67 index of [20 % is generally referred to as NEN G3 and a treatment algorithm has been prepared by clearly classifying NEN G3 into NET G3 and NEC G3 [41] . A revision of the WHO classification is intended. Regarding PNEN, a draft plan (as shown in Table 1 ) has been proposed; however, the formal revised edition remains pending.
Somatostatin receptor scintigraphy in pancreatic neuroendocrine neoplasm
SRS was approved for use in January 2016 in Japan, and is beneficial for identifying the distribution of NET throughout the body. This method may be explained as follows: octreotide, a somatostatin analog containing pentetreotide labeled with radioactive indium ( 111 In), is intravenously administered. Subsequently, the labeled compound specifically binds with and accumulates in SSTR to make imaging of NET possible. Concomitant use of single photon emission computed tomography (SPECT) is useful for improving the detection rate of lesions. Recently, 68 Ga-DOTATOC and 68 Ga-DOTATATE have been used, and are reported to be useful for detecting rate of lesions [7] . One case using 68 Ga-DOTATOC-SRS was shown in Fig. 3 . Case 1; a female who underwent surgery for duodenal gastrinoma 2 years ago.
68 Ga-DOTATOC-PET/CT scan (a-c) was performed for suspected recurrence due to her high gastrin level. Conventional imaging modalities, such as CT and fluorodeoxyglucose positron emission tomography (FDG-PET)/CT, had been negative, but 68 Ga-DOTATOC-PET/CT scan demonstrated a focal intense uptake close to the lateral segment of the liver, indicating metastasis (a-c, arrows). Retrospectively, a small lymph node with early enhancement was identified on enhanced CT (d, arrow). A nodal metastasis was confirmed by surgery. The diagnostic ability of SRS is superior to the combined use of computed tomography (CT) and magnetic resonance imaging (MRI) in terms of sensitivity, specificity, and diagnostic accuracy [42] . In addition, a study reported that SRS in combination with CT and MRI enabled the detection of postoperative recurrence 15.5 months earlier than that by the combined use of CT and MRI [42] . For cases of PNEN, SRS is used for the purpose of (1) diagnosis of localization and metastasis [43, 44] , (2) confirmation of SSTR2 expression [45, 46] , and (3) follow-up [42, 47] . Several cases have been described, including the following: case 2, in which the serum gastrin levels increased after surgery for a gastrinoma, however, recurrence was suspected, and the recurrent lesion was not confirmed by CT (Fig. 4a) . 111 In-SRS, accumulation was observed in the abdominal lymph node Ga-DOTATOC-SRS scan (a-c) was performed for suspected recurrence due to her high gastrin level. Conventional imaging modalities, such as CT and FDG-PET, had been negative, but 68 Ga-DOTATOC-SRS demonstrated a focal intense uptake close to the lateral segment of the liver, indicating metastasis (a-c, arrows). Retrospectively, a small lymph node with early enhancement was identified on enhanced CT (d, arrow). A nodal metastasis was confirmed by surgery (Fig. 4b) , and thus recurrence in the lymph node was diagnosed. In case 3, the patient had a non-functioning PNET with liver metastases, and 111 In-SRS was observed to have accumulated in the primary focus in the pancreatic head and liver metastatic lesions (Fig. 5a-d) . However, by the use of 111 In-SRS, bone metastasis, which was not detected by CT, was found (Fig. 5e) . The identification of the primary focus and the metastatic focus of PNEN is not sufficiently performed by CT alone, and FDG-PET is also conducted for the purpose of a whole-body search for NEN. However, because glucose metabolism is not enhanced in a number of NET G1/G2 lesions, its detection is complex. By contrast, with regard to NEC G3, uptake in FDG-PET is observed in numerous cases; therefore, FDG-PET in combination with 111 In-SRS could be useful for the differential diagnosis of NEC G3 and NET G3. There is, however a limitation to the detection capability of SRS. In particular, the expression of SSTR2 in insulinoma is low (approximately \50 %), and thus may not be detected by SRS in certain cases. In such cases, the use of glucagonlike peptide-1 analogue (exendin-4) receptor imaging has recently been reported [48, 49] . Its sensitivity is high (approximately 95 %).
Treatment approach to pancreatic neuroendocrine neoplasm with liver metastasis
There had previously been no effective treatment methods for the treatment of PNEN with liver metastasis until novel molecular target agents became available. Molecular target agents have been reported to be effective in Japanese patients with PNET [50, 51] ; however, the long-term prognosis of PNEN in the Japanese population remains unknown. Recently, we conducted a retrospective study to establish the long-term prognosis and prognostic factors in Japanese patients with advanced PNEN [8] . The study enrolled 78 patients with advanced PNEN, of whom 74 % had non-functioning tumors. The cases of 13 patients were complicated by hereditary diseases, of which 11 patients had multiple endocrine neoplasia (MEN) type-1. Liver metastasis was observed in 83 % of the patients, 54 patients of whom had multiple (five or more) lesions. To examine the benefit of various clinical and histological factors as potential prognostic factors in patients with advanced PNEN, a univariate analysis was performed. This analysis showed that overall survival (OS) in patients with bone metastasis was significantly low (HR, 4.38; 95 % CI 1.42-11.29; p = 0.013). Furthermore, when the cases were classified into groups of before and after the introduction of novel molecular target agents, the prognosis in patients treated after the introduction of novel molecularly targeted drugs was significantly improved (HR, 0.07; 95 % CI 0.03-0.19; p \ 0.001) (Fig. 6) . In multivariate analysis based on factors for which the p values were 0.20 or lower in the univariate analysis, a Ki-67 index cutoff value of 10 % (HR, 38.8; 95 % CI 8.42-226.62; p \ 0.001), bone metastasis (HR, 5.66; 95 % CI 1.10-24.00; p = 0.039), and treatment period before and after the introduction of molecular target therapy (HR, 0.02; 95 % CI 0.00-0.11; p \ 0.001) were the independent factors, as in the univariate analysis. Incidentally, the OS in patients with functioning tumors was generally lower than in those with non-functioning tumors (HR, 2.68; 95 % CI 0.98-7.62; p = 0.054), although the difference was not significant [8] . As such, it was shown for the first time that the prognosis of advanced PNET was dramatically improved by the introduction of novel molecular targeted agents. Specifically, the use of everolimus and sunitinib is thought to have contributed greatly to the dramatic improvement in the prognosis for advanced PNEN in Japanese patients. In addition, because of that liver metastasis, which has been considered to be a prognostic factor, has been rendered controllable by molecular targeted agents, the prognostic factors of advanced PNET have altered greatly. The most important feature may be whether the liver metastasis is controllable. Furthermore, with regard to STZ, the analysis of a greater number of cases is necessary. Future studies are Fig. 4 Case 2, in which the serum gastrin levels increased after surgery for a gastrinoma, however, recurrence was suspected, and the recurrent lesion was not confirmed by CT (a).
111 In-SRS, accumulation was observed in the abdominal lymph node (b), and thus recurrence in the lymph node was diagnosed warranted in order to examine the type of cases in which STZ will be beneficial, and also the circumstances in which it should be used as a first-line therapy.
Discussion
An epidemiological survey of PNEN was conducted in Japan, and the tangible condition with regard to the disease was clarified [52] [53] [54] [55] . Recently, the result of the second national epidemiological survey was reported [54] . In this survey, the number of treated patients for PNEN in 2010 was estimated to be 3379, which showed an increase of approximately 1.2 times of the number in 2005 [53] . Interestingly, non-functioning PNEN accounted for 65.5 % of all PNEN cases in 2010. As expected, the ratio of nonfunctioning PNEN increased compared to that in 2005. The reason for this change may be attributed to the improvement in histological diagnosis as a result of the recent widespread availability of EUS-FNA. As previously mentioned, the WHO classification was revised in 2010 [2] . In the second survey, the ratio of NEC according to the WHO 2010 classification was reported for the first time in Japan. In the survey, the NEC ratio was 7.5 % of all the patients with PNEN. Subsequent to a diagnosis of PNEN, remote metastasis was observed in 12.9 % of patients with NET G1/G2; however, it was observed in as many as 46.3 % of patients with NEC. Currently, in cases in which the Ki-67 index exceeds 20 %, yet the neoplasm remains well differentiated, treatment response is different to that of NEC G3 [39] . Thus, an attempt to create a new category within NET G3 is underway, and as a consequence, the classification in future epidemiological surveys will need to be altered.
Recently, Ohki et al. discovered PHLDA3, a new cancer suppressor gene in PNET [56] . PHLDA3 is a target gene of p53, which was discovered when the binding of p53 protein with the genome and modified histone were analyzed by ChIP-chip and CHIP-seq methods [57] . Most PNET is associated with the activation of oncogene Akt. It was found that PHLDA3 suppresses the Akt activity by inhibiting the cell membrane transport of Akt in PNEN. In addition, PNET with loss of heterozygosity (LOH) in the PHLDA3 gene showed high malignancy and poor prognosis [56] . As the LOH in the PHLDA3 gene induces the activation of Akt, it is expected that everolimus, an mTOR inhibitor of the Akt pathway, is effective in patients with PNET in whom LOH in the PHLDA3 gene is observed. Furthermore, it may be possible to establish an individualized treatment in such patients [56] . Recently, a randomized study (CLARINET study) of lanreotide, a somatostatin analog, was conducted in patients with SRS-positive, non-functioning PNET and gastrointestinal NET (including those with unknown primary foci) in which the Ki-67 index was \10 % and, which were diagnosed as moderately to well-differentiated neoplasms. A 96-week administration period of lanreotide significantly prolonged the progression-free survival, and thus, the inhibitory effect of lanreotide on tumor growth was demonstrated [58] . A phase II study of lanreotide is currently being conducted in Japan. Lanreotide will be expected to suffice as a further treatment option for unresectable well-differentiated PNET [59] .
PNEN are becoming an increasing clinical problem because the number of patients has been increasing and PNETs can frequently present with advanced disease that requires distinct diagnostic and treatment approaches in Japan [60] . Recently, the clinical guidelines for gastroenteropancreatic neuroendocrine tumors in Japan have been published by Japan Neuroendocrine Tumor Society (JNETS) in 2015 [61] . JNETS guideline describes in detail the strategies for diagnosis for PNEN, determinants of resection for PNEN and the management and treatment of patients with advanced metastatic PNEN. We hope this review of will contribute on the diagnostic and treatment approaches for PNEN.
